This work aimed to evaluate three different milling conditions, seeking the optimization of CNS isolation process. The paper sludge was chemically treated with detergent and H 2 O 2, by two steps, to remove the noncellulosic contents (hemicellulose and lignin). After these treatments, the sample was milled with the variation of a liquid medium. The three liquids milling medium were: i) dry medium (CNS-D); ii) moist with water and (CNS-W) iii) moist with ethanol (CNS-E). The CNSs were characterized by Fourier transform infrared spectroscopy (FTIR), thermogravimetric analysis (TGA), scanning electron microscopy (SEM), zeta potential and dynamic light scattering (DLS). The milled samples presented different behavior, depending on the medium applied. The CNS-W presented low efficiency due to the formation of agglomerates around the ceramic ball, resulting in larger fiber sizes (microsizes). Although, the samples CNS-D and CNS-E presented similar behavior of sizes distribution, with average size 340 nm and 373 nm, respectively, determined by DLS. The CNS-E sample presented higher yield and electrostatic stability in solution, besides not presenting loss of crystallinity, as occurred with CNS-D, observed by FTIR analysis. Thus, the isolation with ethanol showed more efficient process among the three processes studied. This work achieved the isolation of CNS; besides, it proposed an environmentally friendly isolation method, and this may add value in the paper sludge.
INTRODUCTION
A demographic and economic expansion has demanded a greater need for natural resources around the world, and, also, the generation of solid waste is growing. The high waste production is becoming a major social, economic, and environmental problem. Thus, it is necessary to search for alternative solutions that reduce these discards and their impacts, in an environmentally friendly and low-cost way [1-3].
The paper industry is one of the most important in the world, with significant annual paper production. Brazilian is the second biggest producer of cellulose in the world, and paper production in 2016 totaled 10.3 million tons [4] . However, this industry presents the high generation of waste during the processes. The production of one ton of paper generates about 50 kg of sludge (primary waste). This waste is usually destined for landfills or incinerated, resulting in soil contamination and/or the generation of polluting gases [3, 5, 6] . Considering that wood is the main raw material used to obtain paper, these residues have a large amount of lignocellulosic material in their composition, which allows their application in other industrial areas. One example is the chemical conversion of paper industry effluents in carboxymethyl cellulose [7] . Besides, this material can also be used to obtain cellulose nanostructures (CNSs).
Nanocellulose material has attracted considerable interest from the research community, government agencies, and industries in recent years. This interest is related to the intrinsic properties of CNSs, such as high mechanical strength and surface area, renewability, it is a non-toxic and biodegradable material. In addition, there is the possibility of producing CNSs from a multitude of sustainable, widely available and lowcost resources such as forest residues (wood saw-dust -pine and eucalyptus), agricultural (wheat straw, sugar cane) and industrial (cotton waste, paper waste, and tobacco industry) [2, [8] [9] [10] [11] [12] . CNSs can be applied in a variety of areas, such as electronic displays, paints, packaging, membranes, implants, polymer composites and others [13] . The application is highly dependent on the nanocellulose properties and its surface chemistry [14] .
There are different methods to isolate cellulose nanostructures, such as acid hydrolysis, enzymatic hydrolysis, mechanical milling, cryocrushing, high-intensity ultrasonication, and others [15] . The different iso-lation methods result in different morphologies and aspect ratio, surface characteristics, crystallinity, thermal stability, among others. The most common isolation method is the acid hydrolysis with strong acids, for example, 64 wt.% sulfuric acid. However, this process can be environmentally hazardous due to the generation of acid effluents [16] . An alternative to isolation is the mechanical method, with emphasis on the methodology of ball milling. This method is considered environmentally friendly because it does not use hazardous chemical reagents [17] .
In this work, CNSs were isolated from the primary waste of the paper industry. It also compared three different medium of ball milling to evaluate the better condition of milling, aiming at optimizing the process. This study is still little investigated, to obtain a high productivity process and may be suitable on an industrial scale.
MATERIALS AND METHODS

Raw Material
The primary paper residue was used as raw material. It was provided by Multiverde Papéis Especiais Ltda. Company (Mogi das Cruzes, Brazil). This residue presented pH=9.3 and sulfide content of 456 mg.kg -1 . It was maintained at 60 °C in an air circulation oven for 5 days until dry.
Processing
The raw material was treated to remove non-cellulosic content. The first step was done with a detergent solution. The second step of treatment was done with a basic oxidative solution, as described below. After the treatments, the sample was converted in cellulose nanostructure using ball mill. The isolation of nanocellulose was done in three different conditions, with a variation in the liquid medium: dry, wet with distilled water and moist with ethanol.
Treatment of raw material
The first step of treatment was done with commercial detergent. The detergent treatment was chosen based on previous studies and the efficiency of pretreatment. Other pre-treatments were investigated, as reported by Souza et al., 2017 and Souza et al., 2019 [18,19] . In this stage was used aqueous solution with 5% (v/v) of commercial neutral detergent. 1 g of residue was mixed with 10 mL of solution, in magnetic stirring at 80 °C for 3 h. After the treated residue was washed, filtered and dried at 70 °C for 4 h.
After the detergent treatment, the sample was submitted for bleaching treatment. 1 g of the treated samples were mixed with 20 ml of a solution composed by 34 % (v/v) hydrogen peroxide (H 2 O 2 ) and 4 wt% NaOH aqueous solution, in magnetic stirring at 50 °C for 1 h. Then the samples were washed by distilled water, filtered and dried at 70 °C for 4 h.
Isolation of cellulose nanostructure
After the treatments, the sample was milled in a ball mill (Marconi MA500 -200 rpm) with a variation of three different milling medium. The liquid milling medium were: i) dry medium (CNS-D); ii) moist with water and (CNS-W) iii) moist with ethanol (CNS-E).
For the milling medium containing water, the sample was mixed with distilled water in a ratio of 1: 1 (w/v). For the ethanol milling medium, the sample was mixed with ethanol (80%) in a ratio of 1: 1 (w/v). All medium milling condition has submitted a jar loaded with alumina balls (diameter of 21 mm) and treated the material in a ratio of 60:1. The jar was filled with a third of the material and ball. Then the samples were milled for 6 hours.
For each liquid milling medium was added 10,0 g of treated material, and its yield was calculated after milling.
Characterization
Chemical composition
The extractives, hemicelluloses, cellulose, lignin and ash contents were determined. The Technical Association of Pulp and Paper Industry (TAPPI) standards TAPPI T222 om-02 for lignin and TAPPI T203 cm-99 for hemicelluloses and cellulose were used.
Fourier transform infrared spectroscopy (FTIR)
The equipment used to FTIR analysis was Frontier 94942 (PerkinElmer, USA). Using attenuated total reflectance, the spectra were recorded in the 500-4000 cm -1 range, with 64 scans.
Thermogravimetric analysis (TGA)
Thermogravimetric analysis was done to evaluate the thermal stability by a progressive increase of the temperature in the equipment STA 6000, PerkinElmer (USA). The samples were heated from 30 to 600 °C with a heating rate of 10 °C/min under a nitrogen flow.
Zeta potential and Dynamic light scattering (DLS)
The analyses were performed using the Zetasizer Nano ZS equipment (Malvern Instruments, Malvern, UK). The zeta potential (ζ) of the nanoparticles was determined by electrophoretic mobility measurements and the conversion of the values using the Henry equation.
DLS is a well-established, non-invasive method to measure particles in a dispersed medium, and it is a widely used analysis for the average size calculation of cellulosic nanoparticles. It measures the translational diffusion coefficient of particles in water, which undergo Brownian motion [20] . The hydrodynamic radius is calculated with Stokes-Einstein relation and is obtained as an approximated sphere size of the nanocellulose dispersed in water. Stokes-Einstein equation can be applied only for non-interacting spherically shaped particles. The information was obtained using a dynamic light scattering system (ALV-CGS3) with 90° fixed scattering angle. A HeNe polarized laser (22 mW) with a wavelength of 633 nm was used.
Scanning electron microscopy (SEM)
The surface morphologies of powder samples were analyzed by SEM (JEOL -JCM 600, 20 kV). The samples were covered with gold by sputtering equipment (SCANCOAT, PIRANI 501) at a pressure of 0.3 mbar at 1.5 kV for 60 s, to obtain a nanolayer of 20 nm.
RESULTS AND DISCUSSION
Chemical Composition
The analysis of the chemical composition of the sample after the treatments was done to verify the efficiency of these treatments in the removal of non-cellulosic components. Table 1 shows the percentage of lignocellulosic components before and after the treatments. Figure 1 represents what is expected after the treatments, with an illustration of the removal of the non-cellulosic components. Table 1 : Lignocellulosic contents of paper sludge before and after the treatments.
After treatments occurred a reduction of 69% of extractives, 62% of hemicellulose and 72% of lignin, so, these reductions increase in 98% on the percentage of cellulose content.
The treatments were done to remove the non-cellulosic content (extractives, hemicellulose, and lignin). This allows greater accessibility to the cellulosic surface, facilitating the fibrillation, thus increasing the efficiency and decreasing the energy consumed during the milling process to obtain the cellulose nanostructures [21, 22] .
SAMPLE EXTRACTIVES (%) HEMICELLULOSE (%) LIGNIN (%) CELLULOSE (%) ASH (%)
Paper sludge 4.5 ±0.4 20.3 ±0.8 19.3 ± 2.8 34.3 ± 2.8 21.6 ± 0.5
Sample after treatments 1.4 ±0.2 7.7 ±0.9 5.4 ± 1.9 68.0 ± 3.2 17.5 ± 1.9
Figure 1: Scheme of the effect of treatments for the non-cellulosic components' removal.
The treatment with commercial detergent aimed the removal of extractives presents on the surface of fibers (waxes and oils). This first treatment influences in the bleaching efficiency, which is the second treatment. It occurs due to the higher exposure of the cellulose fibers obtained, facilitating the access of the bleaching agent and potentializing the action of the H 2 O 2 solution. The H 2 O 2 molecules act on the decomposition and oxidation of the lignin molecules, through the cleavage of the ether bond of the polyphenolic compounds [23] . After the treatments, it is observed that a small amount of hemicellulose and lignin remain after bleaching. This is due to the strong interaction of lignin with other polysaccharides (cellulose and hemicellulose), forming complex networks that are difficult to remove completely [24] .
All the samples analyzed showed significant ash contents due to the strong chemical treatments used in the paper industry. According to the company's report (characterization of waste according to NBR 10004), these ashes can have in their composition sulfides, fluoride, chloride, aluminum, copper, kaolinite, and others [25] . It can influence the purity of the nanocellulose, which affects directly future applications. In this case, it is not possible to affirm that the CNS are biocompatible. For this statement, further studies involving cytotoxicity and involving microorganisms are needed.
After milling -Cellulose nanostructure
After milling the samples were presented as powders, with different aspects, as shown in Figure 2 . It is possible to compare the aspect of the milled samples with the paper sludge in the initial aspect. Note that the CNS-D and CNS-E samples are presented in the former of thinner powders. This occurred because, in the material moistened with water, a formation of agglomerates occurred, possibly due to the hydrogen bonds that formed between the cellulose and the water molecule, as showed in Figure 3 . This resulted in a reduction of effective shocks between the jar, the balls, and the sample, limiting particle size reduction. Figure 3 (a) shows that the agglomerates formed in sample CNS-W have a similar shape and visual sizes to those of the large ceramic balls, and upon breaking these agglomerates, small ceramic balls were found inside (Figure 3(b) ). This formation occurred due to the interaction between water and the hydroxyl groups present in the cellulose, forming hydrogen bonds, seeking stabilization of the system (Figure 3(c) ) [26] . In the case of the CNS-D, the layer around the balls is due to the cellulose tendency to agglomerate.
The CNS obtained a yield of 89.4%, 99.7% and 96.6% for CNS-D, CNS-W, and CNS-E, respectively, compared with the initial weight of the treated material. Figure 3(d) shows the ceramic balls after milling for 6 hours. It was observed that the balls used in dry milling were those with the highest content of the adhered material, followed by the balls submitted to the milling medium with ethanol, and finally, the balls used in the milling medium with water, which did not show adhered material, but presented the behavior previously discussed. The CNS-W yield (89%) are justified by the loss of material that occurs during dry milling, which is adhered to the walls of the jar and ceramic balls. As for wet media, the problem with the adhered material occurs to a lesser extent [27] . Through the FTIR spectra it is possible to observe characteristic peaks of cellulose, around 900 cm -1 (-C-H glycosidic deformation of cellulose), 1000 cm -1 (cellulose vibration C-O) and the band between 3600 and 3000 cm -1 (cellulose O-H vibration) are observed for all the samples [27, 28] . However, it was found variations in the intensity of the peaks after the different milling conditions. From the spectra presented, significant changes in the CNS-D sample are observed, mainly in peaks 1030 (C-O-C pyranose ring vibration), 1052 (cellulose vibration C-O) and 1112 cm -1 (C-O stretching vibration of cellulose ), compared to the other CNSs [29] [30] [31] . These peaks in CNS-D tends to disappear, and this indicates a progressive reduction of cellulose crystallinity during the process. These bands, pronounced in CNS-W and CNS-E samples, refer to the typical structures of cellulose, which represents few chemical changes in the structure. It probably occurred because the solvents facilitate intrafibrillar swelling, causing the structure acts as a shock absorber, and thus increasing the damping of the ball impacts on the particles, occurring only breaking the amorphous region of the cellulose [32] [33] [34] [35] . Also, the band 900 cm -1 is attributed to C-O-C stretching of glucosidic bond of cellulose and is associated to the amorphous cellulose. All the samples showed a significant amorphous cellulose contribution [35] .
Fourier transform infrared spectroscopy (FTIR)
It is important to note that the paper residue, as presented above, is an industrial residue with a high content of contaminating components. Thus, no major variations in composition are expected, in addition to the reduction in lignocellulosic components. Nevertheless, this material maintains the cellulosic structure even after the mechanical insulation. This makes it a potential material for reuse, increasing its value added and opening a range of applications possibilities, such as the development of composites for construction and plastic packaging.
Thermogravimetric analysis (TGA)
The thermogravimetric analysis was performed to verify the thermal stability and degradation characteristics of the CNSs. Figure 5 shows the thermogravimetric curves of CNS-D, CNS-W, and CNS-E samples. Figure 5 shows the TGA and DTG of Paper Sludge and the CNSs samples. It is observed that all the samples present a small loss of mass (<10%) in the range of 50-100 °C, which is related to the evaporation of water and other components of low molar mass of the material. The CNSs present great similarity in the maximum temperature of degradation, as can be observed by the DTG (Figure 5 (b) ). The main mass loss event is related to the degradation of cellulose, during which this process occurs dehydration and depolymerization of this compound [36, 37] .
It is interesting to note that all the nanocelluloses showed a similar thermal behavior than the Paper Sludge. It can be attributed to the methodology used. Mechanical grinding, as reported by Sofla et al., does not modify the cellulose surface in order to catalyze thermal degradation [30] . This result is highly advantageous for future applications of nanocomposites involving melt processing.
The initial temperature of degradation was similar for the three samples of nanocellulose. It occurred because during the milling process there are no chemical reactions, only breaking the cellulose structure, which resulted in similar degradation temperatures [28, 33] . The variation in the thermal behavior can be attributed to the small size of the fibers (CNS), which results in a higher specific surface area and a larger number of free end-chains, and these factors catalyze the thermal degradation reaction [30, 36] .
Zeta potential and Dynamic light scattering (DLS)
The Zeta potential (ζ) is derived from the measurement of the particle mobility distribution when applied to an electric field and is used to evaluate the stability of the nanocellulose suspension in water. The samples had a mean zeta potential value of -26.7 ± 2.9 mV, -24.2 ± 2.6 mV and -30.8 ± 0.5 mV for CNS-D, CNS-W, and CNS-E, respectively. The negative values are due to the presence of hydroxyl groups [16] .
Based on the presented values, the CNS-E sample can be considered electrostatically stable due to the absolute value higher than 25mV, which cannot be inferred for the CNS-D and CNS-W samples due to the lower values observed [38] . This behavior for CNS-E occurred because ethanol acts as a co-surfactant, i.e., it is responsible for reducing the surface tension of the system, leading to the formation of a more stable interfacial layer and, consequently, increasing the stability of the solution [39] . This stability is related to electrostatic repulsion between the negative groups on the surface of the particles. The CNS-W sample presented the lower absolute value of the zeta potential due to the less free hydroxyls, that it had a hydrogen bond with water, resulting in lower stability. The low stability, that is, the lower absolute value of the zeta potential, results in a higher tendency of agglomeration of the particles since there will be a high surface tension, with which the particles agglomerate seeking their stabilization [26, 40, 41] .
The dynamic light scattering technique was used to determine the size distribution of CNSs. This technique measures the translational diffusion of the particles in the suspension, considering them in spherical form, with Brownian motion. The size distribution curve of the CNSs is shown in Figure 6 , and Table 2 shows the minimum, maximum and average sizes for each sample in the nanometer and micrometric region. The polydisperse curves are due to the formation of a residual cellulose layer on the milling medium (i.e., a layer of cellulose fibers coating the balls), as observed in the ceramic balls after milling (Figure 3(d) ). This layer decreases the impact energy of the balls on the particles after a time, making the breaking of the amorphous regions less efficient, producing larger cellulose nanostructures, besides the presence of agglomerates in the solution [27, 30] .
The CNS-E sample, although good stability in suspension, as seen previously by the analysis of zeta potential, presents great dispersion of size, because the particles suffered lower impact energy of the ceramic balls, due to the damping caused by the solvent, decreasing the efficiency of the process regarding sizes. Nevertheless presented itself as an efficient process, obtaining particles with nanosizes [33] . Thus, regarding size, the CNS-D presented smaller size, but average size similar to CNS-E sample. And the CNS-W presented no significant amount in the nanoscale region, proving the inefficiency of the process. Considering the nanometric region, as reported by other authors, is possible to observe that the average sizes are similar that obtained by different raw materials [40, [42] [43] [44] . Different than the one evaluated for other nanometric structures, such as carbon nanotubes, it is verified that, when evaluated the nanocellulose, the considered sizes vary between 50 and 500 nm. Moreover, by the results of DLS, as already discussed by other authors, one can be evaluating both nanofibers and nanocrystals, due to the Brownian motion of the particles. Thus, the results obtained in the present study are positive and point to the existence of particles in nanometric dimensions.
It is possible to observe that the CNS-D sample presented a smaller minimum particle size when compared to the other samples. However, the CNS-W sample presented a smaller average particle size at the nanoscale. The CNS-D sample presented a more efficient process of obtaining nanostructures considering the smaller minimum particle size. The CNS-E sample presented similar behavior to the CNS-D, both of which have a distribution curve of polydisperse size. The CNS-W presented a larger average size in the micrometric scale, due to the inefficiency of the grinding, in which it formed agglomerates, which did not occur the breakdown of the amorphous regions of the microfibers, so, did not present particles in the nanoscale with significant quantities. From the results of Table 2 , it is also possible to observe that the three methodologies present materials in the micrometric scale. It means that although grinding time has been effective in obtaining nanoparticles, the process needs to be improved. Thus, considering the results of DLS, it turns out that the yield cannot be entirely attributed to the nanoparticles.
Scanning electron microscopy (SEM)
After milling the powder samples, morphology was analyzed by SEM, that it was observed in Figure 7 . It is possible to see that the CNS-D sample showed morphology more homogenous and smaller size of agglomerates with some non-milled fibers. The sample CNS-W appears with large agglomerates and greater lengths of fibers. It presents mainly micrometric scale, which suggests the low efficiency of the milling, which as discussed previously, showed the formation of agglomerates around the smaller diameter ceramic ball. The CNS-E sample is intermediate, with few clusters, however and longer fibers. sample presented agglomerates less fibrillated, and smaller size as observed in the DLS analysis. The CNS-W presented with a longer length and more agglomeration, proving the inefficiency of the process. CNS-E presented intermediate size due to the presence of the solvent. The solvent facilitates intrafibrillar swelling, increasing the surface area available for ball shocks and increase the fibrillation of sample. However, these also act as shock absorbers, reducing the collision force between the balls and the material, and consequently the efficiency of the process in the breaking of the hydrogen bonds and transverse cleavage for conversion in nanostructures [27, 33] . It is important to note that not only nanocellulose was obtained, but also microstructures. This may be related to the milling time, which could be increased by the ball: sample ratio, or by a combination of isolation methods.
CONCLUSION
This work obtained cellulose nanostructures (CNS) from the primary waste of the paper industry, using ball mill as isolation methodology. This residue presents great potential as raw material (due to its high cellulosic content) for the isolation of nanocellulose. The treatments were efficient in the removal of non-cellulosic components, and it was observed an increase in cellulose content (98%), compared to the virgin sample. After the isolation of CNSs, it was observed that the milling moistened with water was inefficient due to the formation of agglomerates. This sample presented low electrostatic stability in solution (low absolute value of zeta potential). The CNS-D sample presented a smaller size of nanostructures; it is considered the most efficient process in the reduction of particle size. Despite the milling efficiency, this sample possibly shows a loss of crystallinity, a result inferred by the FTIR analysis, with a tendency to disappear the peaks related to the crystalline cellulose. Besides, it presents the lowest yield among the samples studied (89.4%). The CNS-E sample showed more significant results. This sample exhibited a mean size distribution like CNS-D, demonstrating an efficient process for size reduction. This sample had better electrostatic stability than the others. The swelling of the material by the solvent leads to the damping of the impacts, does not occur the significant loss of crystallinity, as observed by the FTIR. This milling showed a good yield of 96.6%. It is concluded that the wet milling with ethanol is the best process among the three studied because it presents the formation of CNSs with high milling yield, good electrostatic stability, and no structural and chemical changes.
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